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3. Depart me nf(5)w here research will be done or collaboration provided: 
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4. Short title of study: 

Catecholamine Stores in Normal and 1 Hypertensive Rats 


5. Proposed storting date: Jan. 1, 1975 

6. Estimated time to complete: 3 years ■•*■.■ , . . 

\ 7. Brief description of specific research aims: . 

In the previous 18 months of this project we have demonstrated 
the feasibility of studying sympatho-adrenal amine stores in the 
hypertensive rat (SHR) and during development, in normal rats and ’ 
have identified specific changes in synthesis, uptake, storage and 
secretion of catecholamines. During the time period outlined, we 
hope to: 

1. Examine the' effects of antihypertensive drugs in the SHR, 
including reserpine-, aldomet, DBH inhibitors, a-methyl- 
p-tyrosine and 6-hydroxydopamine. 

2. Examine the effects of acute and chronic nicotine administra¬ 
tion in tne SHR; nicotine is reputed to produce prolonged 
alterations in catecholamine turnover. 

3* Detail the development of the adrenal medulla in the SHR 

to determine whether blood pressure changes precede or follow 
the alterations we have identified in catecholamine disposi¬ 
tion. 
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Brief statement of working hypothesis; '• "*?• >! ’ 1 ••" ”“ s ' /*Tc\- V ’’’ ’ 

,§^^%Studies from our and. other laboratories have shown that catechoi- 

.amine disposition is altered in the SHR, but do hot indicate conclusively 


whether this is a causal factor in hypertension. By determining whether 
the sympatho-adrenal defects appear before or after the onset of hyper- 
. ..tension (maturation studies) we may obtain an answer to this question. 


“'.We have demonstrated that the effects of drugs which act on storage • 
r-%& vesicles are altered in the SHR. These factors may contribute to simi- 
v^^^lar difficulties observed in the therapy of human essential hypertension 
■^||\with these agents. The proposed study will identify how the actions 
^^Tv-differ and may suggest alternative therapies. * v. * .-. 
■ 4 |^|lviv'The sympatho-adrenal system of the SHR. is set out a “hair trigger” and 
! ;^hyperresponds to small stress inputs. • This suggests that chronic adminis- 
■^i^f-tration of nicotine may produce profound alterations in catecholamine 
.^stores of the SHR, which in turn could markedly affect cardiovascular 
function. 

... ••••■ • . ... ••••■■ ! ••• • % 



.9. Details of experimental design and procedures (append extra pages as necessary) 
??V v see appended pages 11 - 16 
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::#10. Space and facilities available (when elsewhere thaniitem 2 indicates, state location): 




■ Laboratory consists of 850 square feet fitted with standard lahoyar. 

• tory type benches. Major items of equipment include: Sorvall RC-^B 
centrifuge, Beckman L5-50 : ultraeentrifuge" *and rotors, Parrand ratio 
..^f^ luorometer » catecholamine autoanalyzer, Wang 600-6-TP programmable 
.^■calculator, incubation baths, pH meter, balances and other general 
4 ^,'items of laboratory hardware. Research facilities include animal rooms, 
cold rooms and a spectrophotometer. ■ 

*’. .. ; ' ■:'* • :' . • ^- 'V/’v\ v l -' ~. v • y ' ..'*>>.{* • . . , * 
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1. Additional facilities required: 


- •* * f,; 
,;:. ... 

* vLf.'i-rf#*'.. •. 


/•••'• Funds, are requested to purchase a Beckman liquid scintillation 
/counter. We have previously made use of a counter in another depart- 
„-vr-ment, but as. all our assays are radiochemical, it has become increasingly 
.';^ydifficult to borrow enough counter time to accomodate .our needs. This 
’//Situation has hampered our ability to obtain results in time to plan 
"V future experiments on schedule. - • ....ff.'Vft;'. -r-. 
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12. Biographical sketches of investigators) and other professional personnel (append): 

See pages 6 , 7 , 8 and 9 . • 




13. Publications: (five most recent and pertinent of investigator(s); append' list,, and provide reprints if available): 

See page 10. :V-' 
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g g ft. 1 4. Fint»yecr budget: ':&}■■ 

S£gi*/jA. Salaries (giv« names or stat* "to b« recruited") - t *' j-"-^ f. ■•■ '•’* : '' 

h1&s&& Prof««onaL(gtVB % time of mvestigator(i) -. ' . v /‘ * “'■ 

*v«n if no sal dry requested) v« <•:: * **>?.;. :<x. • ; 

'■*; i. V\ j v ; "jj _r\ \ • - *• —- **-’’• **' • 

^^.Theodore^Slotkln. - Principal Investigator 



redacted 




^^^'Prederla J. Seidler (B.S.) 



v*&-- : V3r I'-;;:,*:?:* ! *■ * * ■ *. .:;■/• ■ ■ .. 

®* Consumable supplies (by major categories)' 

J^Animals, Including housing & 
’ : shipping- costs 

Isotopes . - v. •■.- ?■ ‘ •■ -=.■ y* 

Chemicals and Hardware ... . 


Sub-Total for 


REDAC T S 


4&$?* Other expenses (itemize) ' ■-l l'S' ;' > ’* ' 

Equipment maintenance and service 


500* 

•1*^1500' 




Sub-Toloilfor C 


•vl "•;...* ‘ " • ■ . . * ./ Running Total of A 4- S + C 

»*lvT *■-. D. Permanent equipment (itemize) 

v;v.-. Beckman liquid scintillation counter 
, ■ (see Atiera 11 on page 3) 


' ^14097 


f B. Indirect 
^)5. Estimated fi 


ticoslt (15% ofiA+B+C) 
future requirements: 


Sub-Total i for D 


Total request 


8300 

2115 

$'241,512 


Salories Consumable Suppl. Olh'er Expenses Permanent Equip. Indirect Costs 


00 0 2188 
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rat costs $7.50 and one pregnant SHR $25. 
t Unrelated to proposed project. 

1 Salary support for principal investigator. 
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It is understood that the investigator and institutional 
■ officers in applying for a grant have read and accept 
. the Council's "Statement; of Policy Containing Conditions 
» and Terms Under Which Project Grants Are Mode." 




Principal investigator 
Typed Name^eodb 

Signature L hz+d 

Telephone 91'9 


Checks payaBlfe to 

• ^ ike University 

Moiling address for checks 


Responsible officer of institution» 

Typed Name _W. 6. Anlyaru M 1 . D . _ ._ 

Title —i£iceJ>tfes i den t-for^caltk-Af fa 4 r-s 


Hr> 0. B. HuestiSf V. P. t fiance Signature 

203 Allen Building, Duke Uhiverstijy 
_Dixnhan4_Not£tuXanoLina.2JJJ36- T.iephon._ 


«w 6/11/74 
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CURRICULUM; VI-TAE 


NAME : 

.Theodore Alan Slotkin 

BORN: > ^ ' REDACTED 

REDACTED_ 

REDACTED 






V • 


REDACTS V. - V 

EDUCATION AND DEGREES : . * • : 

B.S. - Brooklyn College, CUNY, 19^7 -- . 

Ph.D. - Department of Pharmacology and Toxicology - University 
of Rochester, 1970 . . . - . ■ 


POSITIONS HELD : 

June 1971 - present 


June 1970 - May 1971 

February 1970 - May 1970 

SOCIETIES: ' -V 


Assistant Professor, Department of 
Physiology and Pharmacology, Duke 
University Medical Center 

Research Associate, Department of 
Biochemistry, Duke University Medical 
.Center . ■ : .y r . 


Postdoctoral Fellow, Department of 



redacted 

. RESEARCH ACTIVITIES : 
Neurochemistry 
Neuropharmacology 
Hypertension 
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9. Details of experimental design 
A. Introduction 



The adrenal medulla is often utilized as a model of the • 

sympathetic neuron; both tissues arise embryonically from the 
neural crest and both have the ability to synthesize, store and 
secrete catecholamines. Each contains storage vesicles which 
can accumulate amines by a mechanism which is stimulated by ATP- 
Mg 2+ and blocked by reserpine. The vesicles contain dopamine 
beta-hydroxylase.. (DBH), chromogranins and adenine nucleotides 
as well as catecholamines; it is accepted generally that the 
catecholamines and adenine nucleotides (primarily ATP) form a 
..storage complex in a molar ratio of l) to 1. 

During prenatal and postnatal development, there is a marked 
'increase in catecholamine levels in adrenergic neurons and in the 
adrenal medulla (1-5), as well as changes in catecholamine synthesizing 
enzymes (1.6). Although the necessary enzymes are present, early in 
gestation, catecholamines do not appear until late in gestation, 
at a time when storage vesicles first become detectable.(7,8), suggest¬ 
ing that the storage vesicles play a determining role in the 
increase in adrenal amines. Consequently, the largest changes 
in catecholamine content occur in the postnatal period (0-6 weeks 
after birth). Spontaneously hypertensive Wistar rats (SHR) first 
show significantly elevated 1 blood pressures towards the end of 
this period (5 weeks), along with disturbances in sympathetic 
catecholamine synthesis, storage and release (9). Similarly, in studies 
utilizing uninephrectomized rats treated with desoxycorticoste- 
. rone acetate and NaCl, it has been shown that the resultant hyper¬ 
tension is accompanied by a defect in catecholamine storage such 
that cardiac storage vesicles become "leaky"(10)Westfall(ll) has like¬ 
wise demonstrated changes in catecholamine turnover in rats with 
.elevated systolic blood pressures produced by chronic nicotine 
administration. Impairment of catecholamine storage has been 
implicated' in essential hypertension in humans, as evidenced by 
increases in excretion of catecholamines and their metabolites in 
individuals with that disease (12'>. ' ' • 

. v :"In each case, hypertension was accompanied by a disturbance 
in sympatheti c function possibly involving impaired storage. 

Therefore, it is important to examine systematically the properties 
of the storage vesicles in at least one of the model systems. 

The SHR is probably the most reliable of all methods of hypertension 
tO‘ use for a study of this type: hypertension develops rapidly 
and requires no pharmacological or surgical intervention, the 
animals are available as a genetically pure strain, and inbred 
normotensive Wistar rats provide a valid control (9). It is of addi¬ 
tional interest that, although the mechanism* of hypertension may¬ 
be different from SHR, essential hypertension in humans is probably 
genetic in origin (13). 

While it is of obvious importance to determine the mechanisms 
involved in the age-dependent increases in sympatho-adrenal amines 
and the development of altered storage in SHR, few studies have 
been published on* the properties of the storage vesicles during 
these changes. Brundin* (14) measured the rate of efflux of endogenous 
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amines fronu isolated neonatal rabbit adrenal vesicles, but did ■ v.- 
not dc simultaneous studies utilizing vesicles from adults; fur- J •.« 
thermore, he reported only two' time points (30 and 60 minutes), 
while several studies have shown that amine efflux is biphasic 
and therefore requires kinetic analysis of many time points to '' 
obtain a valid picture of amine storage (15-19). Mirkin (5) has 
studied the storage properties of vesicles froim fetal and develop- ' 
ing rat heart; these studies utilized measurements of in vivo 
uptake or uptake in the isolated, perfused heart. Thus, the ob- 
‘served development- of uptake or storage might have reflected pro- 
liferation of adrenergic neurons in the heart, or changes in the 
uptake of amines across the axonal membrane, rather than altera¬ 
tions in the storage vesicles per se . The studies by Mirkin (5) 
also indicate the difficulties of working with adrenergic neurons 
compared to the adrenal medulla; a single density gradient experi¬ 
ment required the pooling of 5Q W 60 fetal or neonatal rat hearts. 
Obviously, experiments of this type are not feasible if large num¬ 
bers of observations need to be made. For this reason, the adrenal 
medulla provides a more useful model than sympathetic nerves with 
which to study amine storage. Purified adrenal vesicles can be 
obtained in high yield by a relatively rapid discontinuous density 
gradient technique (20), while much lower yields of comparably 
purified sympathetic nerve vesicles are obtained after more lengthy 
procedures. Furthermore, the high concentration of storage vesicles 
in the adrenal permits the evaluation- of properties which would be 
far more difficult' to- determine in nerve vesicles. 

Similarly, because of the difficulty in evaluating the pro¬ 
perties of nerve storage vesicles, most of the studies on catecho¬ 
lamine turnover in hypertension have involved whole animal or whole 
'organ studies (9-13). There is, however, one report of altered 
cardiac vesicular amine storage in which elevated ratios of extra- 
granular to intragranular amines were observed in hypertensive rats 
’ (10). These data further reinforce the need for studies which can 
identify specific alterations in vesicle properties. 

•■'V—For the past four years, the research of this investigator 
•>has been concerned with the development of sensitive and appropriate 
methods for the evaluation of the properties of the catecholamine 
storage vesicles of the adrenal medulla (16-19). By using these 
techniques, the following parameters can be measured: 


a. Uptake and storage capabilities of the vesicles. The 
simultaneous measurement of the accumulation of radioactively 
labeled amines by the vesicles along with the efflux of 
endogenous and labaled amines permits evaluation of these 
two parameters. The rate of efflux is determined by the 
stability of storage, while the accumulation is a measure 
of storage stability and affinity for uptake. Additionally, 
the relative- importance of ATP-Mg 2+ stimulated uptake can 
be evaluated by measuring the accumulation of metaraminol, 
an amine which is incorporated by a primarily ATP-Mg 2+ - 
independent mechanism (16, 17 ). 
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^b. ^Concentrations of intravesiGular_eomponents. Vesicles 
re" 1 - ' 5 :..are .purified by discontinuous sucrose density gradient • *.v: 'fry ■ 'vy.■' 
.zherncr<r e . n ttfif ugatiqn. ■ ; The .subcellular dis tributions... of .catecho- ; v> 
riamines, ATP and D&H can thus be readily determined, along 
ana- tr^with the fragility of the vesicles. The buoyant density 
0 j; of the vesicles can also be studied by continuous density 
;..i-.:gradient centrifugation, which provides a sensitive measure. 
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.1^: cra-.c* Secretion and recovery of amines and vesicles. This 
u:-;- '..;:can be evaluated using neurogenic secretion evoked by ' •• ..V . ~-'j 

'.insulin-induced hypoglycemia or non^neurogenic amine loss 

•• : -j • produced by reserpine. - • “ ... ••• ’ - ■. 

iue-iv vJDsing Jbhese jtechniques,. work ^supported by,,the Council .for . 
^Tobacco Research has been conducted by the investigator over the 
• last 18 months on the development of the adrenal medulla in NWR 
and on the alterations in catecholamine disposition in adult SHR. 
The results have been summarized in detail in the progress reports 
and in publications from this project (see list), but a brief . 

. listing appears below: ■■ ^. 


1. The maturation process is accompanied by profound 
changes in the uptake, storage, synthesis and release of 
adrenomedullary catecholamines; various markers have been 
found to study the process in the projected studies for SHR. 


4 yj ,v iv,. . 

- 'y. -f-- ‘ 


2. Adult SHR show' an adrenal catecholamine biochemical 
pattern typical of chronic understimulation; however the 

-'-sympatho-adrenal axis is hyperresponsive to ordinarily .*•. 
mild stress stimuli. .... A7 .., ......... .. ... ^ yi 

3. Alterations in the storage vesicle-membrane of the SHR 
• -result in.abnormal responses to antihypertensive drugs and 
; .may alter the ^effects of agents which increase jcatechoiamineJ^f^ 






turnover, such as nicotine. 

‘ v- 1>U U | 




l .-V f l * • * 


• In the proposed extension of this study, we intend to deter¬ 
mine in detail: • - ' 


:-K: 


1. The effects of chronic and acute nicotine administration 
in NWR and SHR. - *■ • -• 


O 


2. The effects of chronic and acute administration of 
antihypertensive agents. 

3. The time course of development of hypertension and 
changes in catecholamine disposition during maturation of 
the SHR. 


O 

© 

CJ 

Cfl 
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' The s ^studies .will...identify whether -sympatho?*adrenal,.changes 
#" , . : causej.,qr. 1 a^e.,.:caused by.,the,^changes .in..cardiovascular : dyn^iQs_**^>J^fr 

•'•*■ -; ••:-■ and will^demonstrate whether dr^gsAtfiicti affect 'catecholamine,,. ASnA 
*$$$&&&■'->■• disposition can improve or worsen the .defects in the SHR.. ‘V 


-.’A"- "" * 


i'r. *' \ * 


Methods 


’ tit*-., 
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In studies with antihypertensive drugs, adult SHR and NWR 


and. MWR AiH'SlsS 




■ tr *. >► ■»* * a 


will he given single or .repeated-.injections of- reserpine, -a-*’ ’.’: 
methyldopa (Aldomet), DBH inhibitors (disulfiram and fusaric acid)," 
a-methy1-p-tyrosine and 6-hydroxydopamine (acute only). Appro- ;V 
priate doses for acute and chronic administration of all of 
these agents have already been worked out and published in our .^A 
and o_ther, laboratories . ^JEn some, experiments, chlorispndamine, " 

'ia' long-acting ganglionic, blocking agent , will be'administereii.-, t 
to interrupt sympathetic reflex activity and enable studies of 
-direct actions of each drug. SHR and NWR will be sacrificed—..- 
at intervals of 4 and 24 hr after initial administration, at 
.intervals .of several! days during chronic administration, and 
. several weeks after acute administration of 6-hydroxydopamine. ' vi 
Studies with nicotine will involve acute and chronic (twice 
daily) doses of 2.5 mg/kg s.c. and 25 mg/kg s.c. for periods 
up to 2 months; animals will be sacrificed at weekly intervals. 

Studies with SHR neonates will involve sacrifice at 10-day 
intervals from birth to 50 days of age; blood pressure will be 
monitored by tail plethysmography (20 1 ). In some studies, SHR 
and NWR neonates will be chemically sympatheetomized with 6- 
hydroxydopamine and: subsequent changes in blood pressure and 
^.‘catecholamine .disposition will,..be .monitored. r n ' nT» n -in«v. vl „ . 

‘ After sacrifice, adrenals will be removed, cleaned of ".. 
connective fat and tissue, and homogenized in isotonic sucrose. 
Subcellular fractions will be obtained by differential and .ytWcl'l 

l density .gradient centrifugation. The. detailed methodologies 
'.will not-be described here because they appeared in "our previously 
< ’funded "CTR applications; for this information, please refer to” 
the appended reprints and manuscripts. We will make the following 
' determinations: 


determinations: 

1. Activities of catecholamine biosynthetic and degrada- 
tive enzymes (tyrosine hydroxylase, dopa decarboxylase, 
^dopamine 3-hydroxylase and monoamine oxidase). 


• 4 M 5 ; t 


-2. Catecholamine levels in the whole tissue. 

3. Subcellular distributions of catecholamines, ATP and 
dopamine 3-hydroxylase. 

4. Buoyant density and fragility of storage vesicles. 

5. Ability of storage vesicles to incorporate 14 C-epine- 
phrine or 3 H-metaraminol in terms of: 


- r . 
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’a. Uptake capacity per gland. 


, • ■ ■ . ■ .» t> ;,..t • 

-6i —Efflux of endogenous and newly-incorporated amines. ' 

•7• Functional rate of 3-hydroxylation in intact vesicles. 


•** 

-i.' 


These data will enable us to identify specific changes .in 
catecholamine disposition in terms of hypertension or drug-induced 
changes in synthesis, uptake, storage or secretion in a fashion 
analogous to our previous work -in developing. NWR' and • adult SHR, »7, 

and'to establish whether the actions of nicotine and antihyper- "■ 
tensives differ in the SHR compared to NWR. • . :■[ 




•-.;Vvv- v .'-' 
v; V 






C. Rationale and'significance . * •> : V* 

The development of hypertension'in spontaneously hyperten- 
sive rats, in rats with surgically or pharmacologically induced yY.V ' 1 
hypertension, in human essential hypertension, and in rats chronically 
treated with nicotine, is associated with alterations in catechola- _ 
mine disposition. -The sympathetic nervous system and its endocrine 
counterpart, the adrenal medulla, exert important regulatory func¬ 
tions on the entire cardiovascular system. During the first six 
weeks after birth, the adrenergic neurons and adrenal medulla of 
the rat undergo marked changes in catecholamine synthesis, uptake, 
storage and release. At the same time, hypertension begins to 
develop' in spontaneously hypertensive Wistar rats, which is asso- 
ciated with defects in the physiological disposition of sympathetic 
amines. ---The proposed-study is--designed‘to identify at what time 
after birth these changes occur. The earlier studies from, our lab V&Y 
have shown that some of the sites of action of antihypertensive r 
drugs and nicotine are altered in the SHR. The proposed studies '• • 

will,identify the differences in the actions of these agents in 
. SHR and NWR, 'Which could be .of considerable significance in evalii- 
ating the potential exacerbation of sympatho-adrenal alterations * _•'?■ r ? y . 
by nicotine as well as the development of refractoriness to anti- 
hypertensive drugs. . ' ;/*' 


c; 


c 


D. 

1. 

2 . 

3. 

4 . 

5. 

6 . 

7 . 
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